T he role of mulch or ungrazed vegetation that is allowed to naturally decompose isn't realized by many ranchers and some range mangers. Mulch plays a critical role in soil-water relationships that is often overlooked. This, coupled with current drought conditions in the southwestern United States justifies a consideration of the importance of mulch on rangelands. Several early classic studies (reviewed in this article) reveal the benefits of managing for mulch.
Functions Of Mulch
Mulch generally refers to the dead vegetative material that covers the surface of the earth. It is also sometimes referred to as plant litter. Mulch can be divided into three classes that include ungrazed mature vegetation residues still attached to the plant (cured herbage), vegetation residues detached from plants covering the soil surface (ground litter), and decomposing residues partially or completely incorporated into the soil (humus).
Each of the three mulch components contributes in a vital way to soil, plant and watershed health. Standing cured herbage retards the flow of rainfall and dislodged soil from the site. Ground litter provides a cushion between rain drops and the soil preventing "splash effect" or dislodgement of soil particles from rain drops. It also insulates the soil from the sun and reduces evaporation from the soil surface. Humus provides nutrients for plant growth and binds soil particles together. It plays a critical role in de- 
Managing For Mulch
Grazing management practices can be key to accumulating mulch -vegetation residue -which is beneficial for decreasing soil erosion, improving water infiltration and increasing forage production on rangelands. termining soil structure which governs the soil's capability to receive and retain moisture. Overall, mulch increases the infiltration rate and moisture holding capacity of the soil, reduces rainfall impact, provides a small pool of nutrient for plants, reduces evaporation from the soil, and reduces runoff and erosion. It is the primary factor that range managers can control through manipulation of grazing i n t e n s i t y, timing, and frequency that determines rangeland health.
Several studies are available that have evaluated how different grazing intensities affect both mulch and water infiltration into the soil. These studies are consistent in showing that as grazing intensity is increased and mulch is depleted, water infiltration declines ( Table 1) . This relationship is quite well demonstrated by a study on heavily grazed, moderately grazed and lightly grazed mixed prairie rangelands in South Dakota (Table 2 ).
Forage Production And Mulch
A number of early studies also evaluated the relationship between forage production and mulch. These studies were all consistent in showing that forage production on equivalent sites was closely related to amount of mulch (Beutner and Anderson 1943 , Schwan et al. 1949 , Rauzi 1960 (Figure 1 ). Across three locations on North Dakota and Montana mixed prairie rangelands, Rauzi (1960) found that forage production was more than doubled when the amount of mulch left on the site was doubled. This was explained by water intake rates that were twice as high on the well mulched compared to poorly mulched sites.
On mountain rangeland in Colorado, application of light and heavy mulches to heavily grazed rangeland increased forage production 42% and 50% over unmulched plots (Schwan et al. 1949) . Without mulch, the heavily grazed rangeland produced only about half as much forage as moderately grazed rangeland (550 versus 1,100 lbs/acre). With mulch additions to the heavily grazed rangeland, forage production was about 70% of the moderately grazed areas (770 versus 1,100 lbs/acre).
On Sonoran Desert rangelands in Arizona, Beutner and Anderson (1943) found that plant debris and litter were nearly as effective as the plants themselves in promoting infiltration and controlling erosion. Ungrazed annual vegetation played an important role in reestablishment of desirable perennial grasses through promoting infiltration. This study indicated that a 20% increase in infiltration could increase forage production by 50%.
Some of the most thorough investigations of mulch effects on forage production have been conducted on California annual grasslands. Forage production of annual grasses was positively related to level of mulch in these studies (Bentley and Ta l b o t 1951, Bartolome et al. 1980) . Perennial grass production was more responsive to mulch than annual grass p r o d u c t i v i t y. Depending on the site, 300 to 1,200 lbs/acre of mulch is needed in the California annual grassland type to promote infiltration and prevent excessive erosion (Bartolome et al. 1980 ).
Erosion Control And Other Benefits
The most serious consequence of o v e rgrazing is loss of the soil profile (Holechek et al. 2001) (Figure 2) . Soil formation is a very slow process. A thousand years or more are required to form an inch of soil. However, several inches of soil can be lost from erosion in less than a decade under poorly controlled grazing. The most important part of range management is to maintain enough vegetation residue (mulch) to protect the soil from accelerated erosion.
A variety of studies in several rangeland types reviewed by Branson et al. (1981) , Thurow (1991) and Holechek et al. (2001) show soil erosion rates increase as grazing intensities increase and residual vegetation decreases. However light to moderate grazing in- tensity levels generally have resulted in negligible increases in soil erosion over ungrazed controls (Figure 3 ). Another apparent benefit: mulch prevents high soil surface temperatures and, thus, retards evaporation and improves habitat condition for microbial populations in the soil. Hopkins (1954) found that increasing mulch levels of up to three inches in depth reduced moisture evaporation from Kansas prairie soils by as much as 40%. Well mulched soils had summer surface temperatures of 84°F compared 90°F for poorly mulched soils. Organic mulches of straw, grass, tree leaves, paper and manure have all been effective in reducing soil water loss by evaporation (Beutner and Anderson 1943, Kramer 1944) .
In grassland ecosystems mulch can also enhance seed germination and development. It catches seeds, moderates soil temperatures, and increases surface soil moisture (Glendening 1941 , Bement et al. 1961 ). Many range grass seeds are sensitive to wetting and drying during germination. Mulch moderates this effect and, hence, can enhance grass establishment.
Too Much Mulch?
While lack of mulch-rather than excessive accumulation of mulch -is the problem on arid and semiarid grasslands, on humid grasslands, excessive mulch accumulations can be a challenge. In these areas, excess mulch can retard forage productivity and cause unwanted changes in vegetation composition if controlled burning and grazing are not applied as management tools. (1937) (1938) (1939) (1940) (1941) (1942) and after grazing (1942) (1943) (1944) (1945) (1946) (1947) (1948) on pine-bunchgrass range in Colorado. (Adapted from Dunford 1949 by Branson et al. 1981 .
Figure. 3. Average erosion from plots subject to different grazing intensities before grazing
Several studies from the humid grasslands show removal of some of the mulch by mowing, grazing or burning results in increased yields of green herbage (Vogle 1965, Grelen and Epps 1967) . However in the less humid shortgrass and midgrass prairies mulch removal has reduced productivity (Hopkins 1956 , Dix 1960 . On South Dakota mixed prairie, forage yields varied directly with the level of mulch (Larson and Whitman 1942) . Long protected areas produced 43% more forage than areas where mulch had been removed by mowing.
In the tallgrass prairie, accumulations of mulch on long-term ungrazed areas have delayed spring forage growth, thinned out big bluestem and other tallgrasses, and depressed stand productivity compared to mowed, burned or grazed areas (Dyksterhuis and Schmutz 1947, Weaver and Bruner 1948) . This same response has been observed in broomsedge bluestem communities in the southern pine forest (Golley 1965) .
On some rangelands excessive mulch accumulations may inhibit growth of desirable species through a l l e l o p a t h y. Allelopathy is the release of toxic plant substances that may be detrimental to other plants. This appears to occur more in woodlands rather than grasslands. (Glendening and Pase 1964, Jameson 1966) . Litter from pinyon-juniper, creosotebush, sagebrushes, and chamise has been shown to inhibit germination and growth of understory grasses.
Management For More
With the exception of the humid grasslands, mulch accumulation basically represents a savings account for ranchers on their rangelands. The more mulch ranchers can accumulate the better they are buffered from climatic adversity in the form of drought.
Several range studies show that in drought periods lightly or conservatively stocked rangelands produced 50% or more forage than those heavily stocked (Klipple and Costello 1960, Holechek et al. 2000) . Moderately stocked rangelands have produced about 20% more forage than those heavily stocked. Improved moisture infiltration and retention from more mulch appear to largely explain these d i fferences. Therefore, the best insurance policy for a rancher against drought is a good layer of mulch.
I n c r e a s i n g l y, grazing intensity guidelines are being based on residual vegetation after grazing. This is because it is now well recognized that rangeland health depends on plant biomass left to protect soil, watershed, wildlife habitat, and aesthetic values.
Research based guides have been developed for the shortgrass prairie (Bement 1969) and California annual grassland (Bartolome et al. 1980) . R e c e n t l y, White and McGinty (1997) have developed residue guidelines for Texas rangelands that should apply well to other parts of the Great Plains. On shortgrass, midgrass and tallgrass rangelands, they recommend minimum residual herbage levels of 300 to 500, 750 to 1,000, and 1,200 to 1,500 pounds per acre, respectively. Generally on Chihuahuan and Sonoran Desert rangelands a minimum of 100 to 150 pounds of residue would insure protection on most sites. In the more arid Mojave and salt desert regions, minimum residues of 50 to 100 pounds per acre, depending on the site, seem reasonable. We recommend further research to refine these guidelines.
As a final point, we have found we can easily train most ranchers and range managers to ocularly estimate standing vegetation residue levels to within 35 lbs/acre (dry matter basis). We use both photographs and clipped plots in the field in the training process. Other range scientists have reported most managers could be trained to ocularly estimate standing dry matter to within 25-40 lbs/acre (Smith 1944) .
